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Contiolled pollination in forest tree breeding requires 
pollen of known germination capacity. Methods of deter- 
mining pollen viability include germination in a hanging 
drop, in a moist atmosphere, on agar gel, or in a Sugar 
solution (DUFFIELD, 1954; DILLON et al., 1957). Errors com- 
monly arise in the application of these techniques because 
maximum nollen gerrninatim and growth is generally 
attained only when th? grains are aggregated (HOLUBINSKI, 
1945), or a t  optimal concentration of the pollen (BEAMS et 
al., 1947). Furthermore, fungal infection commonly occürs 
when poller. is germinated in vitro longer than 24 hours. 
Thus, determination of pollen viability by germination 1s 
time-consuming and frequently unreliable. 

In seed studies a rapid and simple test of germination 
capacity has b e m  de:e!t,ped using 2, 3, 5-triphenyltetra- 
zolium chlcride (TTC) This colorless dye solution is re- 
duced by dehydrogenase enzymes to an insoluble red 
formazan complex in living cells (SMITH, 1951). Capacity to 
germinlte is assumed to be correlated with the activity of 
these enzymes. However, contradictory results have been 
obtained when TTC is used as an assay of pollen viability. 
I t  was found to be unreliable in testing cultivated varie- 
ties of peach, pear, apple, änd grape (OBERLE et al., 1953) 
but to be satisfactory in testing maize pollen (VIEITEZ, 
1952). The dye methylene blue was used successfully on 
tests of germinability of coniferous and angiospermous 
pollen (MAUHIN and KAUROW, 1936). The purpose of the pre- 
sent study was to compare pine pollen viability as de- 
termined with TTC, with that obtained by germination on 
agar; also, to evaluatc the potential use and value of TTC 
in trec breeding programs. 

Materials and Methods 

Crystalline 2, 3, 5-triphenyltetrazolium chloride, from 
Nutritianal Biochcmical Corporation, was prepared as a 
0.5 percent solution with deionized water. Tetracycline 
hydrochloride and nystatin, sold as Mysteclin by E. R. 
Squibb and Sons, was made up in a sterile 4 percent so- 
lution. Both solutions were stored at  5O C. until used. 
A 1.5 percent solution of Difco Bacto-agar was prepared 
with deionized water and sterilized by autoclaving. 

Pollen samples were selected from collections of the 
Institute of Forest Genetics, U. S. Forest Service, Placer- 
ville, California. These samples had been collected in 1957 
and stored under standard procedures (DUFFIELD, 1954) ior 
3 months. 

The following procedure, modified from that developed 
in studies on maize pollen (VIEITEZ, 1952), was used to 
stain the pollen with TTC: 

(1) Two lakes of two or three drops of 0.5 percent TTC 
solution were placed on a microscope slide. 

(2) Sufficient pollen was sprinkled on these lakes to 
just cover the surfaces, (i. e., about one milligram of pol- 
len per lake). 

*) This study was performed at  the Pacific Southwest Forest 
and Range Experiment Station, Forest Service, U. S. Department 
of Agriculture, Berkeley, California, under a cooperative agree- 
ment with the Department of Botany, University of California. 

(3) A cover glass was placed over each lake, care being 
takeri to exclude most air bubbles. 

(4) The slide was theii piaced in a petri dish gn glass 
rods over water. 

(5) The petri dish was covered and placed in the dark 
in an oven at  55O C. 

(6) After 90 minutes the slide was removed alid wiped 
free of moisture. 

Slides were examined with binocular microscope at 
X 100 magnification, using blue filtered reflected light to 
provide contrast. The two lakes were replicates of each 
sample. The mechanical stage was moved randomly, and 
the pollen grains in a prcdetermined sector of the I'idcl 
were counted to a total of 25. Tne stage was again inoved 
a t  random and 25 more grains counted. Two hundred 
grains were counted in each lake, giving a total of 400 
from each sample. 

The pollen which was considered to be stained rangeri 
in intensity from 5.0 R (eci) yi12 to 10.0 R (ed) 8'4 according 
to the M~~NSELL Book of Color (1,946). 

Testing by Germination 

The follotving procedure was employed to germinate 
pollen : 

(1) (About 2 cc.) of agar solution was poured into a 5 Cm. 
petri dish to uniformly cover the bottom. 

(2) Three or four drops of Mysteclin solution were placed 
on the agar surface and evenly spread by rotating the 
dish. 

(3) Approximately 3 mg. oi" pollen were distributed over 
the surface of the agar, care being taken to prevsnt the 
movement of the grains to th? rnargins of the dish. 

(4) The petri dish was then placed in an incubator at 
29O C. 

(5) Three adaitional drops of Mysteclin solution were 
added after 24 and 48 hours. 

(6) After a minin~um of 72 hours the petri dish was re- 
moved from the incubator, arid the pollen samples were 
removed and examined. 

Two loops of pollen from different places on the agar 
were rernoved and each was placed in a separate lake oR 
the Same slide Thus, replicate samples were obtained 
which were similar to those used in the staining proce- 
dure. The same microscope and counting procedure was 
used as wich TTC, except that white light was used in- 
stead of reflected light. When the pollen tube exceeded 
the maximum width of the grain it was considered to b? 
germinated. No attcr-r,pt was made to measure tube length. 

Results 

Inherent limitations of these procedures must first be. 
recognized and evaluated if the results are to be mean- 
ingful. Probably the most difficult problems in the TTC as- 
say are avoiding manipulative procedures which decrease 
coloration and deciding when pollen grains are actually 
stained. 

The intensity of pollen staining was observed to decrease 
toward thr margin of the cover slip and in regions of air 












